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Skin disorders were considered to be caused exclusively by intrinsic factors until J.
Jadassohn (1) in 1895 developed as a diagnostic procedure the concept of testing the capac-
ity of the skin to react to local applications of suspected allergens. Nestler (2) in 1904
and Low (2) in 1924 succeeded in sensitizing humans experimentally to primrose and Bloch
and Steiner-Wourlisch (3) were the first to experimentally produce contact dermatitis
due to primrose in the guinea pig. Since then many other investigators have demonstrated
experimentally the presence of contact dermatitis not only in man but in animals. Among
early students of experimental contact dermatitis in guinea pigs were W. Jadassohn (4a)
with phenylhydrazine, Frei (4b) and also Sulzberger (4c) with arsphenamine, Mayer (4d)
with paraphenylenediamine, Landsteiner and Jacobs (4e) with urushiol and Simon et al.
(4f) with poison ivy.
Of the chemicals employed in the experimental production of contact dermatitis in
humans and in animals, 1-chloro, 2,4 dinitrobenzene (DNCB) has been found particularly
useful. Wedroff and Dolgoff (5) were apparently the first to sensitize individuals to DNCB
though they as well as many who followed them, realized that in proper concentrations in
alcohol and in acetone, the chemical was also a primary irritant. A number of other in-
vestigators (6, 7, 8) have since experimentally sensitized humans to DNCB. Virtually all
have employed acetone or alcoholic solutions by drop test in the production in man of
experimental contact dermatitis with DNCB. Sensitizing doses have varied from 30% to
1% and eliciting doses from 1% to 0.0001%.
EXPERIMENTAL DNCB CONTACT SENSITIZATION IN GUINEA PIGS
DNCB has been particularly employed as an instrument of investigation
of sensitization and other phenomena in guinea pigs. It has been used because
it is a simple compound of known chemical composition, it easily obtainable, and
reliably causes inflammatory reactions of the skin. In general most experimenters
have used 0.2 % DNCB or greater in acetone or in alcohol as the eliciting dose of
sensitization.
Amongst the earliest workers in this regard were Landsteiner and Jacobs (9)
who noted that most substances producing sensitization were also primarily
irritating when used in adequate concentration. They sensitized guinea pigs with
daily intracutaneous injections of 0.0025 mg. DNCB in 0.1 ml. of saline. Elicita-
tion of sensitization was carried out with intracutaneous injections or applications
of 1 % solution in olive oil or by dropping on the skin 1 % or 0.1 % solution in
alcohol. Landsteiner and Chase (10) sensitized guinea pigs with DNCB by re-
peated intracutaneous administration and skin tested by the local application of
a 2% solution in olive oil. In their studies Schreiber and Muller (11) used 5%
DNCB in acetone as the sensitizing dose and 0.25% as the eliciting dose.
Schnitzer (12) found that 0.5% DNCB in alcohol was primarily irritating to
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guinea pig skin but that 0.25% DNCB was not. Ginsberg, Stewart and Becker
(13) found that 1 % DNCB in ether and in olive oil was primarily irritating; the
animals that they believed to be sensitized however also reacted to 0.25% and
to 0.0625% in ether.
Rostenberg (14) used 0.1 % DNCB as the eliciting dose but found paradoxical
reactions which were difficult to explain. Gentele and llolmgren (15) used 1 %
alcoholic solution of DNCB to demonstrate sensitization. Baidridge and Kligman
(16) used dilutions of 0.2% or greater in acetone in order to elicit sensitization
while Frey (17) utilized 0.25% DNCB in acetone as the dose of elicitation.
Nilzen (18) stated that sensitization was achieved by application of 2% alco-
holic solution or of 30% acetone solution of DNCB. Testing was performed with
alcoholic solutions of 0.25, 0.1, 0.05 and 0.01 % or by olive oil solutions of 1, 0.5
and of 0.25 %. Sensitization to DNCB was successful with more than 90% of
animals, but results were very unreliable with DNCB in acetone even on the
same animal. A 0.25% solution in alcohol was found to be a primary irritant;
0.1 % in alcohol and 1 % in oil were considered hyper-sensitive to guinea pigs.
In a later report, Nilzen (19) emphasized the difficulty of deciding whether a skin
test is positive because of a specific sensitivity or because of a non-specific irrita-
tion. Even the histologic picture showed no remarkable difference.
EXPERIMENTS WITH DINITROCHLOROBENZENE
DNCB in acetone
Much of our present day knowledge and understanding of contact-type allergic
dermatitis is based on the experimental production of dermatitis with DNCB by
many investigators. In order to further study this type of allergy, DNCB was
chosen because it had been found to be highly allergenic for guinea pigs. Five
per cent DNCB in acetone, 1% DNCB in acetone and 0.1 % DNCB in petro-
latum were employed. It was also surmised that histologic studies of each clinical
result might be helpful in evaluating the clinical effects and possibly in separating
allergic reactions from irritation reactions. Thus the biopsies were integral parts
of each experiment.
The first as well as subsequent experiments was aimed at determining whether DNCB
in the concentrations and vehicles used was a useful contact allergen. Albino guinea pigs
of both sexes, varying from 300 to 600 gm. were used. All animals were clipped closely with
an electric clipper on the experimental flank prior to the application of the chemical. No
depilatory chemicals were used. A carefully measured 0.03 ml. of the solution was dropped
on the selected area. Two animals received an application of freshly prepared 5% DNCB
in acetone to the left flank, two received freshly prepared 1% DNCB in acetone and four
controls received acetone only. Two days following the administration, the controls were
clinically negative, the 1% DNOB animals had an area of erythema while the 5% DNCB
animals showed erythema and infiltration in the experimental area. No histologic observa-
tions were made in this pilot study. It therefore appeared that both 1% and 5% DNCB
in acetone acted as primary irritants to guinea pig skin.
The above experiment was repeated on other guinea pigs and again 5% DNCB
in acetone caused erythema and infiltration while 1 % DNCB in acetone caused
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TABLE I
GUINEA
PIG
APPLICATION
3—26-47
READING
3—29—47
APPLICATION
4—15—47
READING
4—17—47
9 5% DNCB in Acetone Erythema
and Infil-
tration
1% DNCB in Acetone Erythema
10 5% DNCB in Acetone Erythema
and Infil-
tration
1% DNCB in Acetone Erythema
11 1% DNCB in Acetone Erythema 1% DNCB in Acetone Erythema
12 1% DNCB in Acetone Erythenia 1% DNCB in Acetone Erythema
13 Acetone Negative 1% DNCB in Acetone Erythema
14 Acetone Negative 1% DNCB in Acetone Erythema
15 Acetone Negative Acetone Negative
16 Acetone Negative Acetone Negative
erythema only. Acetone itself caused no reaction. Three weeks later 1 % DNCB
in acetone was dropped on the opposite flanks of 2 animals previously exposed
to 5% DNCB, 2 animals previously exposed to 1 % DNCB and 2 guinea pigs
exposed to acetone only. Two control animals received acetone only. The re-
action to the 1 % DNCB in acetone was erythema whether the guinea pigs had
previously received 5% DNCB, 1 % DNCB or only acetone. Biopsies were
taken and the positive animals showed acanthosis, intercellular edema of the
epidermis and some exocytosis. Some diffuse infiltration of the cutis, particularly
in the upper third, consisted of small lymphocytes with some large mononuclear
cells. Vascular dilatation was also noted. The control animals showed no essential
change from normal (Table I).
The next study was undertaken in order to determine the length of time
necessary for a possible sensitizing dose to be in contact with the skin in order
for allergization to take place. Five per cent DNCB in acetone was dropped on
the left flanks of 36 guinea pigs. On each of 3 animals the skin at the sites of
application was excised at less than 5 minutes, 1 hour, 2 hours, 4 hours, 6 hours,
9 hours, 12 hours, 24 hours, 48 hours, 7 days, 14 days, and 21 days, respectively.
Twenty-one days after the original application, 1 % DNCB in acetone was
dropped onto the right flanks. A biopsy was performed on the right flanks 2 days
after the application of the eliciting dose. Positive and negative controls were
used.
The clinical results of the experiment seemed to show that within one hour
after the primary application of DNCB, the process of sensitization occurs. But
since guinea pig A 15, an animal never previously exposed to DNCB did show
some reaction to the first exposure, it was surprising that the animals which had
received the primary application for less than 5 minutes prior to excision should
show a negative result. Microscopic study, however, revealed that these clinically
negative animals showed an inflammatory reaction similar to the other animals
treated with DNCB. There were epidermic vesiculation, intercellular edema,
exocytosis, acanthosis and at times epidermic abscess formation. The dermis
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TABLE II
GUINEA PIG
DtIPATION OF FIRST
APPLICATION TO SEPT PLANK
PRIOR TO EXCISION
APPLICATION 7—10-48
CLINICAL
APPEARANCE OF
7—12-48
17, 18, 19 Less than 5 minutes 1% DNCB in Acetone Negative
20, 21, 22 1 hour 1% DNCB in Acetone Erythema
23, 24, 25 2 hours 1% DNCB in Acetone Erythema
26, 27, 28 4 hours 1% DNCB in Acetone Erythema
29, 30, 31 6 hours 1% DNCB in Acetone Erythema
32, 33, 34 9 hours 1% DNCB in Acetone Erythema
35 12 hours 1% DNCB in Acetone Erythenia
36, 37 12 hours Died
38, 39, 40 24 hours 1% DNCB in Acetone Erythema
41, 42, 43 48 hours 1% DNCB in Acetone Erythema
44, 45, 46 7 days 1% DNCB in Acetone Erythema
47, 48, 49 14 days 1% DNCB in Acetone Erythema
50, 51, 52 21 days 1% DNCB in Acetone Erythema
9, 11, 12, 13 Previous Contact with
DNCB
1% DNCB in Acetone Erythema
15 No Previous Contact with
DNCB
1% DNCB in Acetone Erythema
16 No Previous Contact with
DNCB
Acetone Negative
5howed a diffuse cellular infiltrate consisting mostly of small lymphocytes but
with some large mononuclear cells and eosinophiles. Dilatation of blood vessels
and at times hemorrhage were seen (Table II).
A further breakdown study was attempted with shorter intervals being used
prior to excision of areas which had received the initial application of 5 % DNCB
in acetone. The skin at the sites was excised 5 minutes, 15 minutes, 30 minutes,
45 minutes, 60 minutes and 48 hours, respectively following application. Twenty-
one days later, 1 % DNCB in acetone was applied to the opposite flank. Erythema
was noted equally on all animals. Biopsies were performed on all guinea pigs
and there were intercellular edema, vesiculation, exocytosis, acanthosis and a
dermal cellular infiltrate of lymphocytes with some polymorphonuclear leuko-
cytes and large mononuclear cells. Control animals not previously exposed to
DNCB but which received the 1 % DNCB dosage showed erythema and a
similar microscopic picture. Here again, DNCB 1 % in acetone appeared to act
as a primary irritant to guinea pig skin (Table III).
The effect of Vitamin C on the reactivity of the skin to DNCB applications
was investigated. Of guinea pigs that had had previous applications of DNCB
to their skin, four received adequate Vitamin C intake with pellets, ascorbic
acid and green vegetables. The other four received regular pellets without addi-
tional Vitamin C in any form; this diet had previously been found to cause
scurvy within 6 weeks. At the end of four weeks, DNCB 1 % in acetone was
applied to the flanks of the 8 animals. All of them showed erythema within 48
hours. Microscopically they showed vesiculation, intercellular edema, acanthosis
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TABLE III
UINEA PIGG DIJEATION OP INITIAL APPLICATION OP5 % DNCB IN ACETONE PRIOR TO EXCISION
ERYTEEU. FOLLOWING 1%
DNCB IN ACETONE
204, 205, 206 5 Minutes Positive
207 15 Minutes—Died
208, 209 15 Minutes Positive
210, 211, 212 30 Minutes Positive
213, 214, 215 45 Minutes Positive
216, 217, 218 60 Minutes Positive
219 48 Hours—Died
220, 221 48 Hours Positive
222, 223, 224 No Application—Control Positive
and a dermal inifitrate of small lymphocytes and some polymorphonuclear leuko-
cytes and large mononuclear cells.
Three guinea pigs received one application of 5 % DNCB in acetone to the
left flank. In 48 hours, they showed erythema and infiltration at the sites of
application. Histologically, there was necrosis (mummification) of the epidermal
cells with the presence of a dermal infiltrate consisting of small lymphocytes,
polymorphonuclear leukocytes and many pyknotic cells. The absence of spongi-
osis, vesiculation and of acanthosis was believed due to the greater concentraton
of DNCB on the skin of the guinea pig when 5% concentration was employed.
DNGB in petrolatum
Since 5 % and 1 % DNCB in acetone, a volatile vehicle, had been found to be
primarily irritating to guinea pig skin, it was thought that an ointment base con-
taining a small concentration of the chemical might be an allergen but not an
irritant. Therefore 0.1 % DNCB in yellow petrolaturn was applied 5 days of each
week for 42 applications. The ointment was applied in a thin layer with a nar-
row wooden applicator over an area 1.0 cm. in diameter on the left flanks of 6
guinea pigs. Six control animals similarly received petrolatum to the left flanks.
All the DNCB ointment animals except one (265) developed erythema and
inifitration and some additionally developed crusting on the treated sites. None
of the petrolatum animals developed an inflammatory response. Histologic study
of all the DNCB ointment animals including f 265 showed hypergranulosis and
especially acanthosis with the prickle cell stratum varying from 8 to 20 cells in
thickness. Several also showed intercellular edema and exocytosis. In the upper
third of the cutis there was an infiltrate of small lymphocytes, larger mononuclear
cells, some polymorphonuclear leukocytes and eosinophiles. Where crusting was
present, microscopic abscesses in the epidermis were noted. The control petrola-
turn animals showed only slight acanthosis with the prickle cell zone 4—5 cells
in thickness compared to the normal 2—3 cells.
Fourteen days later, 0.1 % DNCB in yellow petrolatum was applied to the
opposite flanks of all the guinea pigs which had previously received the DNCB
ointment and also those that had received petrolatum only. Ten applications
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TABLE IV
GUINEA PIG
NO. OF APPLICATIONS
0.1% DNCB IN PETRO-
LATUM TO PRODUCE
ERYTNEKA
NO. OF APPLICATIONS 0.1%
DNCB IN PETROLATUM FOR 2D
EXPOSURE TO PRODUCE
ERYTHEMA
NO. OF APPLICATIONS 0.1%
D1CB IN PETROLATUM TO
PRODUCE ERYTUEMA FOR
2D EXPOSURE OF ORIGINAL
CONTROLS
260
261
262
263
264
265
266
267
268
269
270
15
8
15
18
13
Negative
Control
Control
Control
Control
Control
4
3
9
4
10
10
ho
3
1st Exp.
1
8
9
5
7
3
Negative
4
6
were administered over a 12 day span. All the animals developed erythema and
infiltration and there was no essential difference clinically or microscopically
between those animals previously exposed and those not previously exposed to
DNCB.
Fourteen days later, the five animals which had received previous courses of
petrolatum applications and later 0.1% DNCB in petrolatum applications were
treated with yellow petrolatum to the left flanks and 0.1 % DNCB in petrolatum
to the right flanks for 8 applications over a 10 day period. Erythema and in-
ifitration were observed on the right flanks in from 3 to 7 applications except
for one guinea pig. All, including the clinically negative animal, showed hyper-
granulosis and acanthosis. Several in addition had intercellular edema, exocy-
tosis and an increased dermal infiltrate. This did not essentially differ from the
results of the previous experiments. The left flanks were all clinically normal and
showed histologically slight acanthosis. It was therefore concluded that DNCB
0.1% in petrolatum acted as an irritant to guinea pig skin (Table IV).
DISCUSSION
It seems quite evident both from the standpoint of the literature and from
these studies that DNCB in certain concentrations can act as a primary irritant
to guinea pig skin. These experiments with 5% and 1% DNCB in acetone
certainly represent primary irritation reaction, but do not rule out the possi-
bility that in lesser concentrations, irritation reactions would not occur, so that
possible sensitization might be discerned. Could it be possible that many pre-
vious studies in guinea pigs with DNCB in acetone or alcohol are examples of
primary irritation rather than of allergy? This might explain some of the incon-
sistent, completely opposite and paradoxical experimental results in the litera-
ture.
Much of our conception of allergic contact type dermatitis is based as pre-
viously mentioned on studies in guinea pigs with DNCB in acetone or in alcohol.
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Even contemporary investigations for the development of our understanding
of allergy utilize this approach. Thus Seeburg (20) recently stated that he was
able to sensitize guinea pigs with DNCB by lymph node injections just as well
as by local application and intradermal injection. This is a very important finding
but his test of sensitization was the production of dermatitis by the application
of 1 % DNCB in acetone or in alcohol! Another recent example is the report by
Haxthausen (21) of the successful passive transmission of DNCB allergy with
white blood cells from sensitized guinea pigs. Here again in this critical experi-
ment, the method of testing for hypersensitiveness was 1 % DNCB applications
to the skin. Such results based on these criteria of hypersensitiveness would
appear to be completely invalid if 1 % DNCB in acetone is a primary irritant.
With 0.1 % DNCB in petrolatum, however, it was thought that the chemical
would not be an irritant and might act as a sensitizer only. With this in mind,
repeated applications were made in order to promote sensitization. No essen-
tial difference was noted, however, between those animals which had previously
developed an inflammatory reaction of the skin due to the application of DNCB
in petrolatum, and those that had no such previous exposure. In the concentra-
tion used therefore, DNCB in petrolatum was found to be an irritant.
HISTOLOGIC FINDINGS
One of the more interesting aspects of these studies was the histologic exami-
nation of virtually all the sites of dermatitis produced by DNCB and of the com-
parative control sites. In the cutis there was some diffuse infiltrate mostly in
the upper third consisting of many small mononuclear cells with some larger
mononuclear cells, polymorphonuclear leukocytes, eosinophiles and plasma cells.
Edema and vascular dilatation were also noted.
The most remarkable findings were in the epidermis. Where 5% DNCB in
acetone was applied, actual necrosis (mummification) of the epidermis was seen
(Figure la). With 1% DNCB in acetone there was no necrosis, but considerable
spongiosis, intercellular edema, vesiculation and exocytosis as well as moderate
acanthosis (Figures lb & ic); this was seen despite the negative clinical picture
of vesiculation. At times where there was gross crusting, a microscopic picture
of epidermic abscess formation was noted (Figure ld). With lesser concentrations
of DNCB such as 0.1 % in petrolatum, microscopic vesiculation and intercellular
edema were seen at times, but the characteristic picture was a moderate to
marked acanthosis with hypergranulosis and hyperkeratosis (Figures 2a & 2b).
Thus it would appear that smaller amounts of the chemical did not kill the epi-
dermal cells but injured them resulting in some stimulation of growth. With
larger amounts of DNCB there was intercellular edema in addition to some epi-
dermal thickening. With great amounts, the epidermis was unable to withstand
the damage so that death of the epidermis ensued. This same phenomenon has
been noted with other chemicals.
The thickness of the prickle cell stratum of the normal guinea pig is 2—3 cells
(Figure 2c). With petrolatum alone, there was slight thickening, up to 4—5 cells
(Figure 2d). The mild acanthosis caused by the application of petrolatum to
Fm
. 1
. 
(a)
 (X
15
0).
 M
um
m
ifi
ca
tio
n 
o
f e
pi
de
rm
is 
pr
od
uc
ed
 b
y 
5%
 D
N
CB
 in
 ac
et
on
e.
 (b
) (
XT
hO
). 
A
ca
nt
ho
sis
 
an
d 
in
te
rc
el
lu
la
r e
de
m
a p
ro
du
ce
d b
y 
1%
 D
N
CB
 in
 a
ce
to
ne
. 
(c)
 0
(30
0).
 A
ea
nt
ho
sis
 an
d 
In
te
rc
el
lu
la
r e
de
m
a p
ro
. 
du
ce
d b
y 1
%
 D
N
CB
 in
 ac
et
on
e.
 (d
) (
X1
50
). 
A
ca
nt
ho
sia
, in
te
rc
el
lu
la
r e
de
m
a a
n
d 
ab
sc
es
s f
or
m
at
io
n p
ro
du
ce
d b
y 1
%
 
D
N
CB
 in
 ac
et
on
e.
 
p I 
C-)
Vt.. •.,_., -l4\d .2.;.: !y-4'
flo
. 2
. 
(a)
 (X
15
O)
. M
od
er
at
e a
ea
n
th
oe
ie
 pr
od
uc
ed
 by
 0.
1%
 D
N
CB
 in
 p
et
ro
la
tu
m
. (b
) C
X
 15
0).
 Se
ve
re
 ac
an
th
os
is 
pr
od
uc
ed
 b
y 0
.1
%
 D
N
CB
 in
 p
et
ro
la
tu
m
. (
c) 
(X
15
0).
 N
or
m
al
 g
ui
ne
a p
ig
 sk
in
. (
d) 
(X
15
0).
 Sl
ig
ht
 ac
an
th
os
is 
pr
o-
 
du
ce
d b
y p
et
ro
]at
um
. 
S 
118 TIlE JOURNAL OF INVESTIGATIVE DERMATOLOGY
the skin of guinea pigs has also been noted by Gaudin (22). The petrolatum con-
taining 0.1 % DNCB produced acanthosis of 8—20 cells with marked hyper-
granulosis. One per cent DNCB in acetone caused moderate thickening of the
prickle cell zone (6—12 cells) but considerable intercellular edema as well. Mummi-
fication without any evidence of acanthosis was produced by 5 % T)NCB in
acetone.
Ginsberg, Stewart and Becker (13) reported that DNCB caused hyper-
keratosis, disruption and disappearance of the stratum mucosum and some
intercellular edema but no definite spongiosis. Some round cell infiltrate was
present in the dermis.
Gentele and Holmgren (15) found that DNCB produced a histologic picture
characterized by hyperemia, edema and cellular infiltration. Frey and Studer (23)
reported acanthosis with lymphocytic cellular infiltration, edema and hyperemia
of the corium.
Nilzen (19) recently emphasized that it is difficult to decide whether the
dermatitis of guinea pigs induced by DNCB is caused by a specific sensitivity
or is present because of a non-specific irritation. He also found that the histologic
picture of a skin reaction caused by a primarily irritating concentration of DNCB
in a guinea pig not sensitized did not differ from that of an apparently specific
response in a sensitized guinea pig. There was thickening of the epidermis and
spongiosis, some dilatation of blood vessels in the corium and a slight leukocytic
infiltration in the upper layers of the corium. His conclusions and histologic
findings would coincide quite well with those of this report.
SUMMARY AND CONCLUSIONS
1. In the concentrations of 5% in acetone, I % in acetone arid 0.1 % in petro-
latum, DNCB acted as a primary irritant to the skin of guinea pigs.
2. No evidence was adduced to either affirm or negate the sensitizing capa-
bility of DNCB on the skin of guinea pigs.
3. Small concentrations of DNCB on guinea pig skin caused marked acan-
thosis and intercellular edema while yet greater concentrations produced epi-
dermic necrosis.
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